Introduction 35 36
As a consequence of its immense ability to up-regulate or acquire antibiotic drug resistance 37 determinants, and survive for prolonged periods within the hospital environment, 38
Acinetobacter has emerged as one of the most troublesome pathogens for healthcare 39 institutions worldwide (16) . The organism has a predilection for infecting critically ill 40 patients, with pneumonia and bloodstream infection being most common infection types (16) . 41
In tropical climates, highly pathogenic strains of Acinetobacter infect humans in the 42 community, leading to a distinct and often fulminant clinical syndrome, characterized by 43 severe pneumonia and septic shock (11). Thus far, the pathogenic mechanisms of 44
Acinetobacter infection remain poorly understood. 45
Galleria mellonella are caterpillars of the greater wax moth and have been utilized to 46 study host-pathogen interactions in a range of organisms, including Pseudomonas aeruginosa 47 (8, 12) , Burkholderia cepacia (20) and B. mallei (19) , Proteus mirablis (13), Francisella 48 tularensis (2), Bacillus cereus (7), and several pathogenic fungi (6, 14, 18) . Importantly, a 49 correlation between the virulence of an organism in G. mellonella and that in mammalian 50 models has been established (8, 14) . Recently, the use of an invertebrate model system, in 51 particular, Caenorhabditis elegans, has been described for the study of Acinetobacter 52 pathogenesis (17, 21). However, certain limitations exist with this model that are resolved 53 with the use of G. mellonella. First, G. mellonella can be maintained at temperatures of 37°C 54 and thus are well suited to study human pathogens. Second, the infection inoculum can be 55 precisely administered through an injection into the body of the caterpillar. Third, G. 56 mellonella have both humoral and cellular immune response pathways mediated by 57 on September 12, 2017 by guest http://aac.asm.org/ Downloaded from 6 diluted to an appropriate cell density, as determined by OD 600 . A 10 µl Hamilton syringe was 87 used to inject 10 µl aliquots of the inoculum into the hemocel of each caterpillar via the last 88 left proleg (14). Bacterial colony counts on LB agar were used to confirm all inocula. 89
Experiments comparing two or more bacterial strains, in which the inoculum of one of the 90 strains was > 0.5 log CFU/larva different from its comparator, were discarded and repeated. 91
After injection, caterpillars were incubated in plastic containers, and the number of dead 92 caterpillars was scored daily for six days. Caterpillars were considered dead when they 93 displayed no movement in response to touch. 94
For all experiments, two control groups were used; the first group included caterpillars 95 that were inoculated with PBS to monitor for killing due to physical trauma; the second group 96 included caterpillars that received no injection. Experiments that had more than two dead 97 caterpillars in either control group were discarded and repeated. For simplicity, the control 98 groups are not included in the figures. Survival curves were plotted using the Kaplan-Meier 99 method and differences in survival were calculated by using the log-rank test (STATA 6 Administration of antibiotics G. mellonella were infected with a lethal inoculum of A. 111 baumannii, and then within 30 minutes, antibiotics were administered by injection into a 112 different proleg. G. mellonella that were injected twice with PBS were used as a further 113 control group for these experiments. The antibiotics and doses included cefotaxime (150 114 mg/kg), tetracycline (50 mg/kg), gentamicin (6 mg/kg), and meropenem (60 mg/kg). Doses 115 were based on those used for humans. Antibiotics were purchased from Sigma and were 116 prepared according to manufacturer's guidelines. 117
Results and Discussion 119 120
Lethal G. mellonella Infection by A. baumannii 121
To determine whether G. mellonella was a suitable model to study Acinetobacter 122 pathogenesis, we first defined its infection characteristics. As shown in Fig. 1A , inoculation 123 of G. mellonella with a reference strain of A. baumannii (ATCC strain no. 17978) resulted in 124 rapid killing of the caterpillars. Killing was significantly dependent on the number of A. 125 baumannii cells injected (Fig. 1A) . For example, greater than 75% of the G. mellonella were 126 killed within 48 hours of infection with at least 3.7 x 10 5 CFU/larva, whereas very few G. 127 mellonella were killed with 3.7 x 10 4 CFU/larva or below (P < 0.01) (Fig. 1A) . Of interest, it 128 has previously been shown that non-pathogenic microbial species, including the auxotrophic 129
Escherichia coli strain OP50, Saccharomyces cerevisiae and some strains of Aspergillus 130 fumigatus, do not kill G. mellonella at incoula up to 1 x 10 7 CFU/larva (2). These data show 131 the pathogenic potential of A. baumannii toward G. mellonella and indicates the viability of 132 studying further the G. mellonella-Acinetobacter infection model. 133
An important benefit of G. mellonella over other invertebrate hosts, such as C. 134 elegans, is its ability to be incubated up to 37°C, a more suitable thermal environment to 135 study human pathogens. We observed that G. mellonella killing by A. baumannii (ATCC 136 strain no. 17978) was dependent on the incubation temperature following infection, whereby 137 the rate of killing was slower at 30°C (Fig. 1B) compared with 37°C (Fig. 1A) . For example, 138 less than 50% of the G. mellonella were killed at 3.7 x 10 5 CFU/larva when incubated at 30°C 139 compared with greater than 80% when incubated at 37°C (P = 0.01) (Fig. 1) baumannii has proven to be the most clinically important with the greatest potential for 158 outbreaks (16). Despite a recent report of human infection with A. baylyi (3), it is considered 159 to be significantly less pathogenic for humans. Also, other species, such as A. lwoffii, which 160 commonly colonize the skin of humans, rarely cause serious infection. To determine whether 161 such differences in pathogenecity toward humans are represented in the G. mellonella-162
Acinetobacter infection model, we infected G. mellonella with these species. As shown in 163 Interestingly, we observed significantly greater G. mellonella killing with a community-178 acquired A. baumannii (CA-Ab) strain (HK4620) compared with our reference hospital-179 acquired A. baumannii (HA-Ab) strain (ATCC strain no. 17978) (P < 0.01) (Fig. 2B) (Fig. 3) . Increased green fluorescence was observed within the G. mellonella hemocytes (Fig.  203 3 A and B) compared with infection with an isogenic, non-GFP-expressing A. baumannii 204 strain ( Fig. 3 C and D caterpillars demonstrated obvious signs of melanization (Fig. 4) . that had in vitro activity toward the infecting A. baumannii strain significantly prolonged the 226 survival of G. mellonella caterpillars compared with treatment with antibiotics for which the 227 bacteria were resistant (P < 0.001) (Fig. 5) 
